Many proteins need to be transported across the membrane of the endoplasmic reticulum (ER) or across the bacterial plasma membrane during or after their biosynthesis. The transporting channel, formed by the Sec61p complex in eukaryotes and the SecY complex in bacteria and archaea, opens across the membrane to enable hydrophilic polypeptide segments to cross the lipid bilayer. It also allows hydrophobic segments to pass through the channel walls into the lipid phase. In bacteria, the SecY channel collaborates with the ribosome during co-translational protein transport and with the cytosolic ATPase SecA during posttranslational translocation. While the channel allows protein translocation, it must prevent the free movement of small molecules, such as ions or metabolites. We have investigated the underlying mechanism in a reconstituted system. The following components of a minimal translocating system were purified and fluorescently labeled: (i) the motor protein SecA, which provides the driving force for preprotein translocation by ATP hydrolysis, (ii) the translocating substrate proOmpA, and (iii) the translocation channel SecYEG. The efficiency of protein reconstitution into vesicles and planar membranes was monitored by fluorescence correlation spectroscopy. The resistances of the translocon to ion and water flows were tested both under resting conditions and in the presence of ligands (SecA, ribosomes). Therefore, we monitored (i) the electrical current through planar bilayers under voltage clamp conditions and (ii) solute dilution in the immediate membrane vicinity using scanning electrochemical microscopy. The results indicate that instead of being sealed by accessory molecules, the membrane barrier is formed by the channel itself.
